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Cell migration is an import process for tissue development and regeneration. In order to migrate, cells 
have to adhere to the extracellular matrix, generate protrusive and contractile forces and deform and 
degrade the surrounding extracellular matrix. At the same time, these forces regulate adhesion stability 
and remodeling of the cytoskeleton underlying force generation, making it a complex 
mechanobiological process.  In order to get a better understanding of the mechanisms behind cell 
migration and the role of cell-extracellular matrix interaction herein, computational models of cell 
migration are being developed.   
A computational model of active cell migration on a deformable viscoelastic substrate has been 
developed based on an earlier model developed for passive cell spreading [1]. This particle-based 
model captures the physics (viscoelasticity and bending rigidity) of the actin cortex and allows for the 
localised calculation of contact (elastic repulsive, adhesional) and frictional forces with the 
environment. The substrate has been modeled with non-inertial smoothed particle hydrodynamics 
(NSPH) [2], a mesh-free numerical method in which a material is modeled by points that represent a 
finite mass of the material and carry physical variables as density and velocity. This method allows 
implementing continuum mechanics in a discrete way. Besides, the meshless character enables 
migration through an extracellular matrix without the need for time consuming remeshing. As a first 
step towards describing active cell migration, a protrusion pressure is applied to triangles at the front 
part of the cell, representing actin polymerization in the lamellipodium.  
Simulations have been performed of cell migration on a flat deformable substrate (to compare to 
traction force microscopy experiments). The effects of substrate elasticity and viscosity, cell-substrate 
adhesion and protrusive force magnitude on cell migration have been investigated. Orders of 
magnitude of simulated substrate stresses and deformations (Figure 1) agree with our traction force 
microscopy data for endothelial cell migration on polyacrylamide gels. The model provides a first step 
in the study of cell-matrix interaction during single cell migration.  
 
Figure 1. Von Mises stress distribution (left) and substrate deformation (right) during cell migration. 
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